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(54) Semiconductor components, in parUcular photodetectois, iight emitting diodes, optical 
modulators and waveguides with multilayer structures grown on silicon substrates 

(57) Semiconductor components, sucti as photode- 
tectors, Bght emitling diodes, optical modulators and 
waveguides are formed on an Si sutietrate with an 
active region consisting of: 

a) a single layer of Sii.yCy 

b) a superlaltice comprising alternating layers of Si 
andSii.yCy 

c) a sMperlattice comprising alternating layers of 
Siiy:;yandSii.xQe, 

d) a etperiattice comprising alternating layers of - - 
Sii^ and Sivx-yGexCy ^ atomk; fraction y 

of the Sii.x-/^^ lay^ ^^eing equal to or different 
from the atomic fraction y of the Si^^yCy layers 

e) a superlattice comprising a plurality of periods of 
a three^yer stnjcture comprising Si. Sii.yCy and 
Sii.xQexlayefS 

f) a single layer of Si^ .x-yGexCy 

g) a superlattice comprising attemating layers of Si 
andSii.x.yQeKCyand 

h) a superlattice comprising a plurality of periods of 
a three-layer structure comprising Si, Sii^ and 
Sii-X'/BOxCy layers, with the atomic fraction y of the 
Sii.x-/3exCy layers t>eing equal to or different from 
the atomic fraction y of the Sii.yCy layers. 
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Descdptlon 

Ptx>todetectors and light emitting diodes (LEOs) in 
the wavelength range from 1.55 to 1.3{im are used in 
teleoQtTVTiunicationtjy means of glass fbers. At present, s 
use is prindpalty made of cooponents txised on lll-V 
cemiconductocB which are relatively expensive. 

Some proposals have been made relating to Sii. 
/jej/S* semiconductDr components for use in this 
tMHvelength range and have been reported t>/ H. Prest- io 
Ing et a), in Semiconductor Science Technology 7. 
pages 1 127 and sequel of 1992 and in App. Phys. Lett.. 
VW. 66 No. 17. 24 April 1995 in the article "Strained Sii. 
xQOx multi-quantum well waveguide structure on (110) 
Si" l)y K. Bernhard HOfer. A. Zrenner. J. Brunner and G. is 
At)stre<ter. 

However, substantial problems exist with such Si^. 
xQex/Si structures because Qe has a lattice constant 
which differs substantially from that of Si. The mechani- 
cal strain which thereby resufts In structures of this IM 20 
makes It necessary to restrict the thickness of the layers 
to an extent which places severe constraints on the use 
of the Si^.j^GOx /Si material system. 

Proposals have also been made relating to light 
emitting dkxles, realized by a p-n junction formed in sii- 2s 
'Kon cart)ide. That is to say. the junction is tonned by the 
transitk>n from a p-SiC substrate to an n-SiC layer, with 
the contacts being provided at the two layers. One pro- 
posal of this kind is to be found in DE-A -23 45 198. A 
further discussion of this system is also to be found In so 
DE-A 39 43 232 whfch states that SiC based LEDs are 
disadvantageous in comparison with various LEDs 
based on lll-V or ll-VI material systems. The reason 
given is that SiC has the disadvantage that the ight 
yield for a pHfi LED is kMv because SiC is a material with ss 
an Indirect band gap. The document concludes that SiC 
LEDs cannot therefore be used for practkxtl appCca- 
tkxis. 

Finafly. for the sake of completeness, reference 
shouldbemade1oDE-A-3536544whichdBCU86e6the 40 
depositnn of a layer of semiconductor material from the 
gas phase onto the end of a glass fiser to fomn a detec- 
tor. This is intended as a partk:ular1y sinple way of cou- 
pfing out the light from the glass fber while 
simultaneously converting ft Into an electrical signal. It is 45 
stated that amorphous (hydrogen-containing) Si and 
amorphous compounds of Si wHh Qe. carbon or tin. 
amorphous Si cartMje or Si nitride can be used as a 
semiconductor. This reference Is not conskiered rele- 
vant to the present teaching, whk^h is concerned with so 
single crystal material. 

The present invention Is based on the oi^'ect of pro- 
viding semiconductor components in the fonm of photo- 
detectors, ight emitting diodes, optical modulators and 
waveguMes which can be grown on a sflicon sutsstrate es 
at favorable cost. wNch pennit acfjustment of the effec- 
tive band gapi whki) enable a pronounced tocafizatton 
of electrons and holes* which do not require the use of 
coopficated relaxed buffer tayers. whk:h bring about 



enhanced optk^I absorption and emisskxi and allow 
these parameters to be infkienced and whk:h. in certain 
stnictures. permit the optical absorption and emisston 
to be changed (modulated) in energy and amplitude by 
the appGcatkxi of a voHage. 

In order to satisfy this object there is provkJed a 
semkxmductor component such as a photodetector, a 
ight emitling dkxle. an cpttoal modulator or a 
waveguMe formed on an Si substrate, characterized in 
ttiat the active region consists of a layer structure with 
SivyCy Sii.xGex. and/or Si^x-yGe^Cy altoy layers or a 
multi-layer stnicture built up of such layers. 

More specKtoally, the present inventton relates to a 
semkxxiductor component having any one of the follow- 
ing structures: 

a) a single layer of Sii.yCy 

b) a superiattice comprising aKemating layers of Si 
and Sii.yCy 

c) a supertattice comprising alternating layers of 
Sii.yCyandSii.xGex 

d) a superiatlice conprising alternating layers of 
Sii.yCy and Sii.x.yGexCy, with the atomic fraction y 
0* the Sii.x.yGexCy layers being equal to or different 
from the atomic fracb'on y of the Si^yCy layers 

e) a siperiattice comprising a plurality of periods of 
a three-layer staicture comprising Si. Sii.yCy and 
SivxGex layers 

f) a single layer of Sii.x.yGexCy 

g) a siperiattice comprising alternating layers of Si 
and Sii.x-yOexCy and 

h) a siperiatttoe comprising a plurafity of periods of 
a thre»tayer structure comprising Si. Sli.yCy and 
S<i.x-yGtexCy layers, with the atomic ftactron of y of 
the Sii.x-ydexCy layers being equal to or different 
from the atonnk: fradion y of the Sii.yCy layers. 

An important recognition underiying the present 
inventton is namely that Si-based multilayer or superiat- 
ttoe simctures with Sii-yCy/Sii.xGex/and/or Sii.x.yGexCy 
afloy layers open up the possibility of taitoring the lattk^e 
constants, the band gap and the shape of the band 
edges for the various semknnductor components. 

In partkxiar it has been found that it is possUe to 
grow both Sii.xGOx/Sii.yCy and Sii.x.yGexCy/Sii.yCy 
multilayer structures which are neariy compensated in 
average strain, and whkih do not suffer from deteriora- 
tkxi of their properties due to strain relaxation. It has 
been found that wHh multilayer stmctures with at least 
double quantum weHs, surprising properties are 
obtained which are consUerably enhanced in compari- 
son to the properties obtained with single quantum 
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welte. Thus, for example, an improved photolumine&- 
ceot effiderKiy has been found for Sii.x.yGexCy/Sii.yCy 
double quantum weQs embedded in Si when compared 
to single quantum wells. This enhancement is consid< 
ered to be quite remarkable considering the smaU over- 
lap of the charge canler wave functions. Considerably 
higher photoluminesoent transHion rates are achieved 
with short period Sii.x-yGeKCy/Sii.yCy superiattice 
structures. Further enhanced photoluminescent transi* 
tions and an efficient capture of excited earners even at 
room temperature can be e]4}ected for larger Ge and C 
contents. wNch appear to be practicable. 

From experiments conducted to date it appears that 
photoluminescence can be achieved at the wavelengths 
of particular interest for optical ffeer transmissions, i.e. 
in the range from 1.55 to 1.3 |im (corresponding to 0.7 
to 0.85 eV) and that the efficiencies which can be 
achieved will be competitive with those of existing LEDs 
based on lil-V or ll/VI material systems. Moreover, since 
the photoluminesoent devices propoeed here are based 
on Si, they should be readily acceptable and less 
expensive to produce, making use of Iciown Si process- 
ing technology. 

Hitherto the caftx)n required for the semiconductor 
components proposed here has been obtained from a 
graphite filament. K is believed that higher caitxxi con- 
centrations will be achievable and the process wiR be 
better controllable in future. Cartwn also be depos- 
ited from the gas phase using suitable cattx>nKX>ntain* 
tng gases, such as methane or propane in a chemical 
vapor deposition system (CVD). 

The atomic fractions xofQeandyofCinthe Si^.x. 
yOOxCy layers and of y in Sii.yCy layers may be chosen 
In accordance with the guidelines given in daim 3. The 
values given there enable the realization of semicon- 
ductor components with beneficial properties in the 
sense of satisfying the objects outfined above. 

The Sivx-yOflxCy Sii.yCy and Si^.x^e, layers are all 
substantially undoped. La if dopants are present they 
are due to impurities which cannot be avoided in prac- 
tice. TYiey are not however, usually intentionaliy added 
to modify the properlies of the devices under discus- 
sion. 

The useful thictoiesses of the alloy layers proposed 
in the presem application in multi-tayer and superiattice 
structures has generany been found to ie in the range 
from about 0.5 nm to about 10 nm. 

When realizing the semiconductor components 
using superiattice structures, which have particulariy 
benefidai properties, then the siperiattice structure 
should preferably have a mininum of 10 periods and 
should generally not exceed more than 100 periods 
because of the additional cost of manufacturing such 
components. Favorable properties are obtained with 2 
or more periods of the superiattice structures, and gen- 
erally 25 to 50 periods is considered suffidenL 

Al the semioonduclor components to which the 
present invention is directed. i.e. optical detectors, light 
emitting diodes, optical modulators and optical 



waveguides, can be realized using the same basic layer 
system. 

Preferred variants for the optical detector are set 
forth in daim S and preferred variants fa a Rght emitting 
5 diode having essentially the same structure but with 
reversed bias polarity are set forth in daim 9. Preferred 
optical modulators are achieved using basically the 
same layout as for an optical detector but with intrinsic 
layers of Si between each period of the superiattice. 
10 For modulation to occur, the nwdulating voltage is. 
for example, applied to the positive pde. which enables 
the level of absorption of photons within the stnjcture to 
be varied in proportion to the applied voltage. 

The same basic structure as is used for all three 
IS devices can also be used as an optical waveguide and 
it is fortuitous that the refractive indices of the individual 
layers are such that Hght propagation parallel to the lay- 
ers is possible with low losses. The ability to realize ail 
four structures using the same or similar layer systems 
20 means that it is eminently posslsle to realize any 
desired combinations of the four structures on one chip. 
Thus a photodiode. an optical modulator and an optical 
detedor could all be placed on one chip, with optical 
waveguides serving to transfer the light from the photo- 
ns diode to the optical modulator and from the optical mod- 
ulator to the optical detector. In addition, existing Si 
technology can readily be used to realize an inTinKe vari- 
ety of different circuits on the same chip so that the opti- 
cal devices of the present invention can be combined 
90 with all Kinds of signal processing and generating cir- 
cuits. 

Furthermore, the structures proposed herein can 
readily be adapted to cooperate directly with optical fith 
ers. Thus, as set forth, for example, in daim 13, a pref- 

55 erably V-shaped blind channel can be fomied in the 
semiconductor conponent with the blind channel hav- 
ing an end face transverse to an etongate direction of 
the channel and formed by a side face of an active 
region of the component itself, with tiie channel being 

40 adapted to receive one or more-optical fber ends for 
coupling an optical fl>er or fbers to the relevant compo- 
nent or device. 

Preferred embodiments of the invention are set 
forth in the daims and in the following description. 

45 The invention will now be described in more detail 
by way of example only and with reference to specific 
embodiments as shown in the drawings. 
In the drawings there are shown: 

60 Figs. la. lb and 1c the shape of the band edges for 

a) an 8iA3ei./3ex heter- 
ostructure, 

b) an Si/Si i.yCy heterostruc- 
65 ture, and 

c) an Si/Sii.x.yQexCy heter- 
ostructure. 

Figs. 2a. 2b and 2c the layout in principle of a photo- 
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Figs. 3a and 3b 



Figs. 4a and 4b 



Fig. 5 



Figs. 6a and 6b 



Rg.7 



Fig. 8 



Fig. 9 



Fig. 10 



detedor in the form of a PIN 
diode, with Fig. 2a showing tlw 
typical layer sequence, Fig. 2b 
showing the band strucfajre. and 
Fig. 2c showing the prefen'ed s 
manner c/t realizing the contacts 
to the structure. 

the layout in principle of a light 
emitting diode, again with Fig. 3a io 
showing the typical layer 
sequence and Fig. 3b showing 
the band structure. 

the layout in principle of an opti- is 
cal modulator, with Rg. 4a show- 
ing the typical layer sequence 
and Fig. 4b showring the band 
stRJcture, 

so 

the layout In principle of a 
waveguide with reference to the 
nxiltilayer stnicture, 

a schematic iHustration of a chip 2s 
having a photodetector In 
accordance with Fig. 2a dis- 
posed at the end of a channel in 
which the end of an optical fber 
IS secured, with Fig. 6b being a 30 
view on the plane 6l>6b of Fig. 
6a, 

a schematic plan view of two 
chips interconnected by an opti- ss 
cal fiber. 

a plot of photoiuminescent inten- 
sity versus energy lor various 
quantum weM structures. 40 

a graphical representation relat- 
ing no-phorx)n luminescent 
energy to carbon content for var- 
ious quantum well stmctures. 46 

a plot of photoiuminescent inten- 
sity versus energy for a series of 
double quantum wen samples 
with various layer widths, and so 



fi^x alloy layers have a smaller band gap than Si and 
that the band edge step is mainly in the valence band. 

Fig. lb shows again the valence band VB and the 
conduction band LB for the transition from an Si single 
crystal substrate to an Sii .yCy alloy. It can be seen from 
this diagram that Si^yCy alloy liters have a smaHer 
band gap than Si and it is noted that the band edge step 
in Si/Sii.yCy heterostructures is mainly in the conduc- 
tion band. 

Fig. 1c shows the valence band VB and the con- 
duction band LB for the transition from an Si single crys- 
tal substrate to a Sii„x-yGexCy alloy. Again the Sii.^. 
yGOxCy alloy layers have a smaller band gap than Si. 
There is again a pronounced step in the valence band. 
However, the valence band edge step in SI/SiQeC het- 
erostructures does not change significantly with 
increasing C corrtent The energy of the conduction 
band edge does, however, increase with inaeasing car- 
bon content, i.e. with an increasing atomic fraction y of 
carbon. 

Fig. 1 does not show the band diagrams for the 
transition from Sii.yCy alloy layer to a SivxGex layer or 
for the transition from a Si^yCy layer to a Sii.x yQexCy 
layer. However, the band diagrams for these transitions 
can be put together from the diagrams of Figs. 1a to 1c 
by aligning the respective elements of the diagrams witii 
reference to the Fermi level Ef. 

By forming sequences of Sii.yCy and Sii.xGex lay- 
ers, or sequences of Sii.yCy/Sii.x.yGexCy layers, elec- 
trons and holes On neighboring layers) can be stnongly 
localized. This is not possble directly on an Si substrate 
t)ecause of the small conduction band edge step in 
Si/SiOe heterostructures as shown in Fig. la. By incor- 
poration of caiton alloys, the absorption and the lumi- 
nous yield can thus be sUbstanliaNy increased and the 
effective band gap can be set in a deaily broadened 
energy range. The localization of the electrons in the 
Sii.yCy layers and the holes in the Si^x^^ex or Si^.x- 
yOOxCy layere can be aCQusted by optimizing the corre- 
sponding tayerlNctoiesses and x and y concentrations. 

On Si substrates the Si^yCy layers are laterally 
expanded whereas the Sii.xGex layers are laterally 
compressed. The mechanical strain c relative to Si can 
be eo^essed by the quotation 

e-0.35y-0.04x. 

which reflects the different lattice constant of Ge and C 
relative to SI. 

Thus for Si^.^Gex 



Fig. 1 1 a graphical representation relat- c • 0.35x - 0.04x « -0.04x, 

Ing noi>honon pi energy and 

intensity to layer width. the negative sign signifies the compression of the Si^. 

66 j/Qb^ layer relative to Si. 
Turning first of aR to Fig. la. the shape of the FbrSii.yCy 
valence band VB and conduction band LB edges is 

shown for the transition from an Si single crystal 6ut>- e - 0.35y • 0.4x0 - 0.35y 

strata to a Sii.xQex alloy. It can be seen that the Sii. 
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and shGwvs that Sii.yCy layers are oqpanded relative to 
Si. For Sii.x.yOexCy (ayers H ie poeelile by selection of 
appropriate values kx X and y to ensure that e relative to 
Si is very small. Such structures, i.e. structures where 
the mechanical strain e of Sii.x-yQexCy layers is kept 5 
small relative to Si tjy appropriate choice of x and y fc>r 
the Sii.x.yGexCy layers are herein termed compensated 
structures. Because the mechanical strain of such 
structures is kept low, there is no pronounced tendency 
for strain relaxation to occur, even with relatively thick w 
layers so that substantial freedom exists for selecting 
the desired layer thkdoiesses without having to fear 
defects due to strain relaxation and without having to 
use complicated buffer layers to avoid strain relaxation. 
Thus, the disadvantageous effects of such buffer layers is 
on the desired properties of the devices are also 
avoided. 

The present invention also relates to layer struc- 
tures based on SivyCy/Sii-xGox layers. Here a different 
mechanism is used to avoid the disadvantageous 20 
effects of mechanical strain. K win namely be apparent 
from the discussion given immedtertely above that layers 
of Sii.yCy are laterally expanded relative to Si and layers 
of Sii-xQex are laterally compressed relative to SI. If 
now alternate layers of Sii .yCy and Si 1 .^Gex are grown 26 
on an Si substrate, with or witiiout intermediate Si lay- 
ers, then - provided the layer thicknesses are kept rela- 
tively tiiin - structures can be grown which have no 
average strain and no strain relaxation. It has been 
Ibund that such stiuctures - herein temied "symmetiif i- so 
cated structures" • can be realized witti layer thick- 
nesses and band gaps whtoh ensure very interesting 
and unexpected properties enabling the realization of 
improved components of the above described kind of Si. 

Thus a tow distortion can t>e realized in Si|.x. ^ 
yOOxCy layers and a synvnebrtoaUy distorted and thus 
stable layer sequence can be realized In multilayer 
structures on Si. 

The combination of tNn SiOe. Sii.yCy and SiOeC 
alloy layers on Si substrates opens up the posstjHity of 40 
forming the named components directly on Si sub- 
strates «id thus of manufacturing them cost effectively. 
The integration and combination ctf the proposed com- 
ponents on one Si substiete is also po$si>le. 

The advantages of these novel material ooniiina- 45 
tions for the proposed components are: 

They are based on Si stMretes and thus have a 
oonsiderBble cost advantage over lll-V senvconductors. 

Adjustment of the effective band gap by quantun 
well structures consisting of 8ii.yCy/Sii.|Qex or 8ii. so 
yC/Sii.x.yGexCy layer sequences. 

Strong localizatfon of electrons and holes directly 
on Si substrate is possisle. f=br Si/SiGe heterostructures 
without C this is only possUe through the use of compli- 
cated relaxed SK3e buffer layers. bs 

These layer sequences bring about an increase of 
the optical absorption and envssfon as a result of quan- 
tum mechartcal effects (e.g. conTinement mixing of r 
and A electron states and siperlattioe effects). 



The size of the optical absorption and emission are 
strongly influenced by the overiap of electron and hole 
states. These and the energy/wavelength can be set via 
the Ge and C content, by the layer thictaiesses and by 
the spacing of the layers. 

In asymmetiical layer sequences the optical 
absorption and emission can be changed in amount 
and energy by the application of a voltage. 

Fig. 2 shows the layout in principle of a photodkxle 
with Sii.yCy/Sii.x /^Cy layer sequences in the intrin- 
sic region of the dtodes. 

The PIN dkxie of Fig. 2a is formed on a p-Si sub- 
strate 10. whteh is typically 0.5 mm thtak. The p-doping 
is, for example, achie/ed t>y use of bon?n as a p-dopant 
at a concentration of 10^^ cm'^. On top of ttiis substrate 
there is ttien grown an aJtemating layer sequence com- 
prising a plurality of periods, for example, twenty-five 
perkxis of a multitayer structure comprising attemating 
undoped layers 12 of Si^yCy and 14 of Sii.x-yGOxCy 
Such a multilayer structure is frequently refen-ed to as a 
superiattice structure. Important for the invention is that 
at least one period of tiie Sii.yCy/Sii.x.yQexCy structure 
is present. 

The layer tiik:knesses selected for each of the lay- 
ers 12 and 14 is typk»lly in the range from 0.5 nmto 10 
nm. The effect of the layer thickness on the properties of 
the structure are shown by Fig. 11, whfoh will be dis- 
cussed later in more detail. 

For the stiiicture shown in Fig. 2 the atomic fraction 
X and y in the Sli.x.yGexCy layers shouW preferably be 
selected wHh x in the range from 0.3 to 1.0 GeC) 
and with y in the range from 0.02 to 0.12. For the Si^yCy 
layer y can again be selected in the range from 0.02 to 
0.12. and can be different from the value of y chosen for 
the Sii-x.yQexCy layers. 

In practice the multilayer structure is not directiy 
onto the p-Si substrate but rather further p-Si material is 
generally deposited on the substrate In the vacuum 
chamber to ensure a good crystal structure for a subse- 
quent growth of the multilayer structu'& Once the.^ 
desired nunt)er of periods of the muttilayer structure 
have been deposited, a layer 1 6 of n-type Si with a thick- 
ness of approximate^ 100 nm is deposited as a cover- 
ing layer. The n-type conductivity is acNeved by doping 
with phosphorous or antimony and a doping density of 
the order of magnitude of 10^® cm"^ is preferred. A fret 
contact 1 8 is provided to the p-Si layer 1 0 and a second 
contact 20 is provided to the n-Si layer 16. 

Although it Is possfole to realize the first contact 18 
as a back contact, the structure of Fig. 2a would nor- 
maRy be realized in practice by first of all building up the 
layer stnx;ture and then etching it in ttie manner shown 
in Fig. 2c so that a piBar-lika structure remains on tiie p- 
Si substrate 10. The contact 18 Is then provMed. e.g. in 
the form of a ring contact surrounding the pillar 22 left 
after etcNng. Fig. 2c also shows that tfie contact 20 to 
the upper n-Si layer 1 6 is tocated, for example, generally 
in the middle of the layer 1 6. whfoh pemiils the Incident 
IK]ht to pass through the layer 16 around the contact 20 
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to roach ttie active region formed by the iayere 12. 14. 
The structure of Rg. 2a is shown turned sideways so 
that the correiation to the band dUigram of Rg. 2b can 
be mae readily seen. 

It win be noted that although the material system 
has an indirect band gaix there is a substantial overlap 
of the wave functions In the conduction and valence 
bands so that an incoming photon hv has a relativeiy 
high probability of stimulating the transfer of an election 
from the valence band into a potential well in the con- 
duction band on the other side of the interface and this 
is detected as an output current provided an applied 
t)ias voltage is present 

Although the photodetector described here has the 
form of a PIN diode with the intrinsic active region 
formed t>y the superiattice with the layers 12. 14, the 
device could also be realized as an NIP structure. i.e. 
grown on an n-Si substrate. If this is done, then the pos- 
itive contact is made to the sutastrate and the negative 
contact to the p-Si capping layer. 

Although the photodetector structure has been 
described with respect to the variant d) of daim 2. it will 
be understood that rt could also be reduced using the 
layer structures of any of the variants a) to h) described 
above. 

If the photodetector is realized using the layer struc- 
ture of variant c) of claim 2. i.e 8ii.yCy / Si^ ,^0^ layers, 
then X is preferably selected to lie in the range from 0.3 
to 1.0 and y is preferably selected to lie in the range 
from 0.02 to 0.012. 

The advantages of this structure are an additional 
lowering of the conduction band through Sii.yCy layers, 
increased absorption in the Sii.yCj/Sii.,.yGexCy multi- 
layer structure in the active region, and a greater size of 
the active region which can be realized by symmetrifica- 
tion or condensation of the distortion. 

K wai be understood that tie term photodetector or 
optical detector includes the variants avalanche diode, 
PIP. PfN. NIP, NfN diodes, combined diodes, individual 
components and arrays thereof. 

f=ig. 3a shows the layout in prinople of a light emit- 
ting diode which dosely resembles the photodetector of 
Fig. 2a. The difference here ies princpally In the fact 
that the muHPayer structure 12. 14 is grown on an n-Si 
substrate 10' rather than a p-Si substrate, and in the fact 
that the covering layer 16' is reafized as a p-type Si 
layer. 

In additioa the polarity of these contacts is 
reversed. i.e. the contact 18" to the n^ substrate is a 
negative contact and the contact 20* to the p-Si covering 
layer is a positive contact However, it would also be 
possible to realize the fight emtttrng diode of Fig. 3 on a 
p-Si nMrate with an n^ capping layer, provided the 
polarities of the contacts are reversed. 

The layer thicknesses of the structure correspond 
to those of the photodetector of Fig. 2a. The n-Si sub- 
strate wiO also have a typical doping density of 1 0^^ cm' 
^ achieved by the use of phosphorous or antimony 
dopants, whereas the p-Si covering layerlG' wll have p- 



type conductivity with a doping density of the order of 
magnitude of 10^^ cm"^, typtcatly achieved by the use of 
boron as a dopant 

For the Sii.x.yQexCy layers x is preferably selected 
5 in the range from 0 to 0.5 and y in the range from 0 to 
0.1. For the Si^.xCy layers y is preferably chosen to lie in 
the range from 0.02 and 0.1. If the Sii.yCy / Sii-^Gex 
layer structure is used, then x is preferedbly selected In 
the range from 02 to 0.5 and y is preferably selected to 
10 be about 0.04. Although the light emitting diode of Fig. 
3a has been described with respect to the Sii.yCy / Sii. 
x-yOexCy layer structure, it could also be realized in 
using the layer structure of any of the aforementioned 
variants a) to h). 
IS In the practical fbrm, the component of Rg. 3a will 
be formed by etching as shown in Fig. 2c for the photo- 
detector. Again, it is inportant that the contact 20' to the 
covering layer 16' Is of relatively small area in compari- 
son to the area of the layer 16' to enable the light gener- 
20 ated in the LED to escape through the covering layer. 
This is. however, not 80 critical if the device IS fomied on 
a chip with light emission sideways, i.e. parallel to the 
layer structure. The band diagram with the applied oper- 
ating voltage is shown in Fig. 3b. 
25 It will be noted that there is a prorxxinced overlap of 
the wave functions for electrons and holes in the con- 
duction and valence bands, despite the indirect band 
gap, and this results in the high luminous efficfency of 
the component. 
30 The advantages of this device are. in addition to the 
lowering of the conduction band in Sii.yCy layers lead- 
ing to envssion in a prefened vravelength range, 
inaeased luminous yield in the Si^yCj/Sii.,.yGexCy 
multilayer structure in the active region through greater 
confinement of electrons and holes, mixing of r and A 
electron states and superiattice effects as well as a 
larger active region realizable by symmetrification or 
compensation of the distortion. 

It wOI t)e understood that light emitting diodes 
indude.LEDs and laser diodes (waveguide structures, 
surtace emitting lasers with Bragg reflectors ete.}. 

Fig. 4 shows an optical modulator and has a layer 
stmcture basicany simitar to the photodetector of Fig. 2 
but with additional layers 15 of Si present between each 
successive pair of Sii,yCy/Sii.x.yGexCy layers 12. 14. By 
applying a varying potential acnsss the terminals 18. 20. 
It Is also possUe to modulate the absorption of Kght 
passing through the optical modulator paraHel to the lay- 
ers. It is possble to design Hie structure wHh a graded 
index for the Qe and/or C conten1(s). which mai«s it 
possUe to tailor the absorption properties by influenc- 
ing the separation of the efectrons and hofes. Wien 
these are moved closer together, the absorption 
l>ecomes hlgtier. 

Although the optical modulator of Fig. 4 has been 
reafized on the basis of the layer structure of variant h) 
as described above, it could also be reaTized using ttie 
layer structures of variants c), d) or e). 
The advantages are: 



40 



4S 



SO 



6 



11 



EP 0 812 023 A1 



12 



- The localization of electrons in the Sii^ layer and 
of holes in the neigNxxIng Sli.x.yG4(Cy layer 
makes it possible to strongly modulate the abeorp- 
tion by the application of an electrical voltage. 

- The absorption with and without positive or nega- 
tive voltage can be adjusted through the sequence 
of the layers or the asymmetry of the structure rela- 
tive tothe doped regions (the Rg. Shows an exam- 
ple ¥ri1h spacing (li-0) < spacing (U>0)). 

• Theenergy rangeupto1.55fimisaccessi)leasa 
result of the additional lowering of the conduction 
band in the Si^yCy layers. 

- Exploitation of the inaeased absorption in Sii.x- 
fie^Cy I Sii.yCy muW-layer structure in the active 
region with appropriate polarity of the electrical volt- 
age. 

• Greater layer thickness and larger active region can 
be realized because of symmetrificatkxi a com- 
pensatton of the distortkxi. 

- With ooupfing-in of the light in the layer plane the 
cont)ination with wavegukle functkm and thus a 
large active volume is possible. 

Fig. 5 shows the layout in principle of a waveguide 
having Sii.x.yGexCy / Sii.yCy nwlti-layer structures with 
n > n <(Si) in Si. 

Fig. 5 shows an optical waveguMe comprising a 
nujiti-layer staicture in accordance with variant d) sand- 
wiched between an Si substrate 10 and an Si covering 
layer 16. There are no contacts to this structura It sim- 
ply has to effkaendy conduct light paralel to the te^ars. 
To ensure effcient Bghtconductkxi. the total layer tkk- 
ness of ttie active regkxi should not be subetantialty 
smaller than the wavelength of the ight with whk^ the 
optical waveguide is to be used. It is also not essential 
to use a nuitti-layer structure. Instead, a single layer of 
Sii^Cy (variant a)) or a single layer of Sii.x-yGexCy (var- 
iant 0) gouM be used. The advantage is that the optical 
wavegukte is fanned of the same materials as are used 
for other components, which facflitates the realization of 
the wBvegude on a chip together with such other com- 
ponents. In the case of a single layer of Sit-x-yGoxCyX 
and yean be 0.08 and 0.01 respectively. La the layer is 
Sio.9iQ^.oeCo.oi- the optical wavegukle can be real- 
ized using any of the layer etmctures of ttie variants a) 
toh). 

The advantages are: 

- Refractive index step n > n (Si) reaBzable with Sii .j, 
yGe^ layer, Sii^yCy layer or Sii.x.yQe^ I Sii.yCy 
multi-layer structures. 

• Low absorptton (spatially hxfirect optical transl- 
ttons) and good wave guklance hi ttie relevant 



wavelength range (1.55 m and 1.3 m) can be 
achieved through suitable choice of the oomposi- 
ttons and layer thidoiesses. 

6 - The layer tNckiess is not restricted because of 
symmetrif k»tkxi or compensatkxi of the distortk)n. 

Rg. 6 shows a photodetector 21 disposed on a chip 
22 and having a V-shaped groove 24 in which there is 

10 secured the end 26 of an optk»lfber 28. Light transmit- 
ted akxig the optical Vtov 28 passes into the photode- 
tector 21 and is detected there. The output signal from 
the phototdetector can be processed by other compo- 
nents such as amplif ier 30 and counter 32 provkled on 

15 the same chip, i.e. realized using Si technology In the 
Iciown manner. The output from the counter 32 is trans- 
mitted to a display 34. The amplifier 30. counter 32 and 
display 34 are sirnpiy given as an example. 
Fig. 7 shows two dhips 36, 32 connected together by an 

20 optk^al fber 28. The first chip 36 is a silkxxi chip having 
a light emitting diode 38. an optk»l modulator 40 and an 
optical wavegiide 42 in accordance with the present 
inventkxi. 

The optk»l waveguide feeds the nxxlulated signal from 

25 the Rght emitting diode into the optk»! f faer which con- 
ducts it to the photodetector 21 and cNp 22 for detec- 
tion. In the same way as before the chip 22 has other 
components 30 and 32. Chip 36 can also have other 
components, such as 44 which generates the modula- 

90 tion signals applied to the optical nx>duiator 40. 

It will be understood that although this spedficatfon 
refers to p- and n-substrates doped at doping ooncen- 
tiatfons of about lO^^cm"^. it is sufficient to use 
undoped substrates or substrates doped in any desired 

35 manner and to ensure the required p- or n-doping for 
the purposes of the present invention in a relatively thin 
upper surface layer of the substrate, ag. in a layer of 
one ^m or less, and references to p- and n-substnates in 
the claims are to be understood to incfode such sub- 

40 strates. 

The results of some practical kivestigations will now 
be given wHh reference to Rgs. 8 to 1 1 . The plots shown 
ki these Figures provMe useful design Information for 
persons wvishing to practice the present invention. In 
4ff detaH the Figures8 to 11 show the following: 

Rg. 8 Low temperature PL specba of 25-period 
nuM'ple layer structures containing SQWs and DQWs 
ki a Si matrix. Si MQe.ie and Si^Qe.ifiCy are 40 A and 
Sii.yCy layers 33A fo wMth. TTie composition are given 
80 ki the figure. The excitontc no-phonon and TO-phonon 
PL lines originating from alloy layers are marked by NP- 
QWand KM3W. respectively. 

Rg. 9 Energy of the no-phonon PL line obsen^d 
from S(i.yCy and 8i.84Qe.i6Cy SOW and from 
5S Si^Qe.i$feii.y<:y and Sl^e.isCy/Sii.y^Y DQW 
structijres versus C content y Layers wtth and witfiout 
Ge (»- 16 %) are 40 A and 33 A in wklth. respectively. 

Hg.lO PL spectra from SiM<3e.i6/Si.9e8C^i2 DQW 
stnjctures with varied layer wkflhs dsiot - 1 .Sdsic in 8i. 
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The q)6Ctra are plotted on the same intensity scale with 
offsets for clarity. 

Fig.11 Energy (O) ^ integrated intensity ( ) of 
the noi)honon PL line origrnating from 
SIW3»e.t6^.988C.oi2 DQWs embedded In Si depend- 
ing on width d8iQ«-1-2d8,c - '^das^ Kne repre- 
sents the results of model calculattions for the lowest 
CB and topmost VB states using 
AV4ej-x*0.5eV-y5.2eV and AVhh-x-0.74 eV 
■ y *d.2 eV. CeUculated sut3t>and states for dsiQ«« 40 A 
are iHustrated in the inset. The smooth solid fine repre- 
sents an exponential function e)^-dsio«/B-2A) which 
Tits to the intensity data obsenred for dsK^^ 27 A. 

In the last years, the photduminescence (PL) prop- 
erties of Sii.xGSx quantum well (QW) and Si/Ge super- 
latboe (SL) structures have been extensively studied [1 - 
3]. Enhanced efficiencies of the PL transitions which are 
Indirect In k-space were proposed for SL structures due 
to zone folding effects and symmetry txatdng of states 
at 8i/Qe interfaces [4]. Intense PL at room temperature 
was observed from deep SivxpOx QW^ embedded In St 
and from tNn Qe/Si/Qe coypled QWs in Sii.xGex [5.6]. 
The conduction band-edge of A(4) electrons within 
pseudomorpbic Si.ssQe 15 QWs on Si was shown by 
Houghton et al. [7] to tie more than 10 meV lower In 
energy than in Si. Thus spatially direct (type 0 PL tran- 
sitions are observed from such QWs. All the results 
imply that the height of potential barriers confining elec- 
trons and holes and the sample quafity also strongly 
affect PL efficiency. Recently, novel Sii.yCy/Si QW 
structures have been realized by molecular beam epi- 
taxy (MBE) which reveal distinct band-edge related PL 
at low temperature [8]. The fundamental properties of 
pseudomorphic Sii.yCy layers on Si turn out to be ten- 
sfle strain as large as e« 0.35y [9] and a resulting elec- 
tron valley splitting with a strong lowering of the twofold 
degenerate A(2) electron miminia. Considering the 
large modulation of the Si conduction band-edge of 
about AE^p]» •y(5.2 eV) even by small amounts of C. 
a multitude of possibffilies In band structure design Is 
proposed for the ternary SiOeC alloy system, in iHs dis- 
cussion a report will be made on PL studes of pseudo- 
morphic Sit-xQex/Sii-yCy and Sii.x-yQexCy/Sii.y<5y 
double QW (DOW) structures embedded in St. The no- 
phonon PL line related to the effective band-edge is 
strongly enhanced in intensity and Is attrfouted to spa- 
tially Indirect (type tQ transitions of electrons confined to 
the Sii.yCy tayers and holes confined to the neighbour- 
ing Sii.xGex layers. This Is conTrmed by the depend- 
ence of PL energy and intensity on composition and 
width of DQW i^ers in comparison with Sli.yC^ Sii. 
/ae, and Sii.K.yQexCy SQWs. The feasability of PL 
from DQWs for determining Si^.x-yOOxCy conduction 
(CB) and valence band (VB) offsets depending on C 
and Ge content Is demonstrated. 

Afl samples discussed here are grown by molecular 
beam epitaxy on 8i (001) substrates at constant growth 
temperature T,« 600*C. At this temperature. Sii.yCy 
Siv^Oex as well as Sii.x.yQexCy QW layers ro/eal band- 



edge PU even though optinum PL properties of Sii.yCy 
and Sii.xGiex are obsenrad at about T.- 550*C and 
750*C. respectively. Si Is siifsplled by an electron beam 
evapoTErtor, Qe is evaporated by an effusion cell and C 

6 is sublimated from a pyrditic graphite fiament The Si, 
Qe. and C growth rates are about 1.0. 0.2. and 0.01 - 
0.02 respectively. Each sample constsis of a 25- 
period multiple layer structure which is deposited on a 
4000 A Si buffer layer and Is capped by 500 A SI. In 

10 each period of about 240 A width a SQW a DQW is 
embedded In Si layers. Typical widths of Sli.yCy and Sit. 
x.yGexCy layers are 33 A and 40 A. respectively The 
composition and width of the layers are deduced very 
accurately (± 10%) from X-ray rocking cun^ and their 

75 numerical simulation. For this, the vaTidity of Vegard's 
law and linearly interpolated elastic prcperties of the 
altoys are assumed. The notation Si ,84G«.i6^ ^^^^ ^ 
(Si,B4Qe.i6)i.yCy alfoys. PL is excited by a blue laser 
beam of about 0.3 W/cnf in exdtatfon density. PL is 

20 analyzed by a single grating spectrometer with a Ge 
detector using standard lock-in techniques. The sam- 
ples are mounted on a cokHinger of a He4fow cryostat 
ataboutT«8K. 

The kjwer part of Fig. 8 shows PL spectra from 

25 three types of SQWs embedded in Si. Besides the TO 
phonon replica line at energy E- 1 .1 eV originating from 
thk:k Si layers, no-phonon and TO phonon lines of carri- 
ers confined to the Si^seC.oiz- Sl^Oeie or 
Si 832Ge.i6C.008 SQWs are observed at lower energy 

30 Both lines are comparable in intensity for all SQWs. In 
Sii.yCy SQWs, the energy of the twofoU degenerate 
A(2) electron valleys directed in growth direction is 
strongly towered and the light hole (Ih) VB enengy 
seems to be sTightly inaeased. These results were 

ss deduced from detailed PL studies described m [8] and 
are quafitatively understood considering the large ten- 
sile strain e« 0.35y Induced by substttutkxial C. Tensile 
strain results in a CB shift of about AE ^^j- •y(4.6 eV) 
assuming Si deformation potentials. A VB offset for 

40 heavy hole (hh) States Of about E,^-x(0.74eV) and a 
weak energy towering for the downmost A(4) electron 
states in Sii.xQe/Si QWs were convincingly obsen^ed 
by several groups p.SJ. PL from a Sijn2Qe.i6Cxx» 
SQW is shifted to about 20 meV higher energy com- 

46 pared to a Sij^Gejc SQW. A C content of 0.8 % 
reduces compressive strain from £- -0.64% to -0.36%. 
The stnun-induoed Increase and a ihlnor intrinsk; tower- 
ing of the band gap have been assigned for the blueshift 
of PL from Sii.x-yOexCy SQWs with C altoying [10]. All 

so PL lines from SQWs are considered to represent spa- 
tially direct recombinatton of electron and hole states 
confined to the altoy ic^. AquaGtatively different band 
alignment Is realized In Sii.xQex/Sli^ DQWs in Si. 
The PL obsen^ from 40 A Si^Oe.ie (or 

55 Si .83203.16^ 008) and 33 A Si 

deposited In ctose proximity or wHh a thin 4 A Si layer In 
between are shown in the upper part of Fig. 8. The 
DQWs reveal PL lines at tower energy than all the 
SQWs. They are attributed to spatiaHy indirect transi- 
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tions of ^2) electron and heavy hole etalee localized 
wHhin neighbouring SigeaCoiz and Si.84Oe.i6 QW lay- 
ers. The no-phonon Kne is enhanced and about 7times 
higher in intensity than the TO phonon Ine. The inten- 
sity gain observed for DQWs compared to SQWs is 
renmrfcable, as a strong reduction might be e}qMcted for 
a switcNng from spatiaNy direct to indirect transitions. A 
strong dependence of DQW PL on the spatial separa- 
tion of electron and hole states is liustrated by the 40 % 
deaease in intensity observed from a EX)W structure 
with the two QWs separated by a tNn 4 A Si (banier) 
layer. AddHiona! C alloying of the Si.84Qe layers in a 
DQW structure results in a further enhanced PL inten- 
sity and a slightly reduced PL energy (topmost spectra 
in Fig.l). 

The no-ptionon peak energy observed from several 
SQW and DQW sfructures with varied C content and 
constant layer widths of33A(or40AforGe alloy layers 
wHh x»16%} are summarized In ng.9. Si^yCy SQWs 
reveal a neariy linear PL redshrft of about 
AE ,^p« -y(4.5 eV) . The same redshift is observed from 
coupled Si.84Ge.i6/S1-yCy DQWs lor increasing y at 
values 0.8%. TNs agreement verifies that the main 
part of band gap reduction in Si^yCy is due to a lower- 
ing of the CB, as the hole states of OQW^ emitting PL 
are located within the Si^Qe layers at a constant 
energy level. The PL energy from DQWs is lower than 
that from Si.84Ge.i$ SQWs for y^ 0.8 %. A crossing of 
A(4) states in si.84Gei6 and A(2) states in Si^.yCy 
seems to happen at y« 0.8 %. The energy levels probed 
by PL are influenced by the confinement energies which 
shift slightly with barrier height and by exdtonic binding 
which is different in SQWs and DQWs. The strain situ- 
ation as well as the band-edge shifts are different in 
Si.84Oe.i6Cy SQWs. The observed PL blueshift of 
about AE ,4p« y(2.4 eV) agrees wel with the results of 
Amour et al. [10]. Assuming a type I band alignment in 
SivxQex/Si QWs, It results from an intrinsic influence of 
C on the Si^.^OOx band gap and from the A(4} electron 
and hh band-edge shifts caused by strain compensation 
wNch opens the band gapi A PL redshift of about 
AE^p- -yCl .0 eV) is observed from Si .84Qe.i6Cy layers 
neighboured by a Sii.y<Y ^ respect to corre- 
sponding Si 84Ge ie/Sii.y<:y DQW sfructures. It can be 
assigned to an increase of the hh VB offset In a 40 A 
Si.B4Q«.i6Cy QW by C aflcying relative to Si. This VB 
shKt is cliven by infrf nsic SiOeC properties and not by 
sfrain. It quafitatively agrees with a localization of light 
holes within Sii.yCy layers [8]. In prindpie. the energy 
shift of PL with C content y in Sie4Qe le/Sii.yCy and 
Si,840e ^^0^^^ DQWs reflect the shift of the A(2) 
CB in Si and hh VB In Si ^Qe ie to lower and higher 
energy, respectively It should Im noted, however, that 
oonTnement effects, a modified exdtonic binding 
energy in DQWa. sample inhomogeneities. and Impuri- 
ties may affect the quantitative band-edge shifts with C 
given in Rg. 9. 

PL spectra from a series of Si.e4Ga,i6/S(^Coi2 
DQW sairpios with varied layer widths dgjQ^a ^ ^dgic 



are iustrated in Fig. 10. The energy and integrated 
Intensity of the nchphonon PL Kne are plotted vs. dsK3to 
InFig. 11 By decreasing the layer widths from dsios* 66 
Atoll A, PL shifts monotonically from E,^p« 1.008 eV 
5 to 1.134 eV, which is only 20 meV below the excttonic 
band-edge of Si. This blueshift represents the sum of 
confinement energy sNfis of elecfrons and holes within 
the Si .84Ge 16 and Si 

988^.012 QWs. Concomitant with 
the blueshift, PL intensity increases exponentially Int- 
ro exp(-dsKa«/8.2A) by more than two orders of magnitude 
until it drops frxdsio*^ 20 A. Such a strong increase of 
intensity with decreasing layer width is notobsen/ed fr>r 
SQWs (3.81. it reflects an enhancement of the PL tran- 
sition rate, assuming fast recombination channels com- 
15 peting with PL The PL energy shift and the squared 
A(2)-hh overtap integral which is expected to dominate 
the PL recombination rate have been calculated in a sin- 
gle partide approximation. Effective masses 
m ^pj= 0.92m 0 . m^h- 0.275mo and a CB and VB align- 
20 ment as sketched in the inset of Fig. 1 1 are assumed. 
A(2) and hh states are rejected t>y potential barriers 
from the Si.84Qe.i6 and Si.988Coi2 layers due to their 
compressive and tensile strain, respectively The model 
calculations reveal an energy shift and an increase in 
25 PL fransition rate of about lnt~ exp(-dsjQ^1l A) which 
describe reasonably well the results obsen/ed. A con- 
stant ratio of no-ptionon and TO phonon ine intensity 
implies tfiat mixing of r and A(2) elecfron states caused 
by alloying depends little on layer width {4}. Sfrong no- 
30 phonon contritxjtions and an enhanced integrated 
intensity show that the mixing in DQWs is more eff ident 
than in SQWs. The modulation of sfrain switches frx)m 
oonvressive to tensile and also the chemicai properties 
diange significantly at the Sii.xGe/Sii.yCy DQW inter- 
ns faces. Some frjrther experimental results can be qualita- 
tively understood by regarding the overiap of A(2) and 
hh states: The drop of PL intensity observed for dsiGte^ 
20 A is attributed to the loss of carrier focafization wHNn 
thin DQWs and a resulting small overiap of states. C 
40 alloying of Si,B4Qe.i6 layers in DQW Sfructures reduces 
strain and the A(2) barrier height in Si.832C3e.i6Coo8 
The ^)-hh overlap and PL intensity increase as 
otserved In the topmost spectra of Fig. 6. Adecreasing 
PL intensity is obsenred for increasing the Ge and C 
45 content at constant layer width dsio*- 40 A. TWs is 
eoqplained by a smaller leakage of states for deeper 
wells. 

In condusion, an improved PL effidency of Si^x- 
yGexCy/Sii.y^ DQWs embedded In Si is obsen/ed 

so compared to SQWs. This enhancement is quite 
remaricable, considering the small overiap of carrier 
wBvefiinctions wNch is calculated to be only about 11 % 
In the 27 A Si ^e 15/ 23 A Si ^C 01 1 DQW sfructure 
revealing maximum PL intensity so far. Considerably 

ss higher PL fransition rates result for short-period Sii.x- 
yGexCy/SiiYCy' superiatlice structures. Further 
enhanced noi>honon transitions and flffictent capture of 
exdted carriers even at room temperature may be 
expeded frx larger Oe and C contents. Mae sophisti- 
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cated calcUlatione on such structures are required, ft 
should be mentioned, that Si.84<3e.ie^^iCoi9 and 
Si.831Oe.i6C.009/Si.99C.01 DQWs studied here, for 
example, are nearly compensated in average strain. 
Superlattices even of large total thicKness should suffer 5 
no strain relaxation. This may promise future 
waveguide, infrared detector, modulator, and electrolu- 
minescenoe devices applying such Si^Msed structures. 
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Ctalms 

1. A semiconductor oonponent. such as a photode- so 
lector, a light emitting diode, an optical modulator or 

a waveguide formed on an Si substrate, character- 
ized in that the active region consists of a layer 
structure with Sii.yCy Siv^Oex. and/or Sii.x.yGexCy 
alloy layers or a multi-layer structure butt up of such es 
layers. 

2. A semiconductor component in accordance with 
daim 1 and having any one of the fbikwing layer 



structures in the active region formed on a Si sub- 
strate and capped by a further Si layer: 

a) a single layer ol Sii.yCy 

b) a superlattice oompnsing alternating layers 
ofSiandSii.yC^y 

c) a superiattice comprising altemaling layers 
ofSivyCyandSii.^ 

d) a supertattioe comprising alternating layers 

of Sii.yCy and Si^.x-yG^xCy* with the atomic 
fmction y of the Sii.x.yGexCy layers being equal 
to or different from the atomic fraction y of the 
SivyCy layers 

e) a superiattice comprising a plurality ol peri- 
ods of a three-layer structure comprising Si. 
Si^yCy and Si^.x^^Ox layers 

f) a single layer of Si-i.^ y^Cy 

g) a superiattice comprising alternating layers 
ofSiandSii.x.yGexCyand 

h) a superiatlioe comprising a plurality of peri- 
ods of a three-layer structure comprising Si. 
Sii.yCy and Sii-j,-yGexCy layers, with the atomic 
fraction y of ttie Sii.x.yGexCy layers being equal 
to or different from the atomic fraction y of the 
Sii.yCy layers. 

3. A semiconductor component in accordance with 
daim 2. variant d) or h), wherein the atomic frac- 
tions x of CSe and y of C in the Sii.x.yGexCy layef(s) 
is selected so that the latlice constant is largely 
matched to that of an adjacent Si layer, and/or 
wherein the atomic fraction X of Qe amounts to from 
six to twenty times and In parltcutar to about eight- 
times the atomk: fraction y of C in the Sii.x-yOexCy 
layers. andAor wherein the atomic fraction y of C in 
tfie Sii .x.yQexCy layers is In the range from 0 % to 
12 %, preferably about 5 %. and/or wherein the 
atomic fraction y of C In the Sii.yCy layers lies in the 
range from 0.02 to 0. 12 and is in particular different 
from the atomic fraction y of C in the Sii.x.yOcS(Cy 
layers, and/or whereoi the thickness of the Sii.x. 
yGOxCy layers ies in the range from about 0.5 to 
about 1 0 nm and the thickness of the Sii.yCy layers 
ies in the same range but may be different from the 
IhidQiess of the Sii.x-yOexCy layers. 

4. A semiconductor component in accordance wHh 
any one of the preceding daims. wherein tfie 
atomk; fraction y and the thickness of the Sii.yCy 
layers and ttie atomk: fradtons x and y and the 
thickness of the 8ii .x-fiofi^ layers are chosen to 
produce a compensated structure, i.e. a staidure 
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wfth a low average strain below the level at which 
substantial defects arise in the eemicorviuctor com- 
ponent due to strain relaxation such as dislocations 
and deteriorBtion of the crystal quality. 

5 

5. A semiconductor conponent in accordance with 
daim 2 variants b). c). d). e), g) and h). wherein said 
superiattice structure comprises 10 to 100. in par- 
ticular 20 to 80 and espedaHy about 50 periods of 
the repeating layer structures. io 

6. A semiconductor structure in accordance with daim 
2 variant c) or e), wherein the atomic fraction y and 
the thickness of the Sii.yCy layers and the atomic 
fraction x and the thidviess of the Si ^xGe, layers is is 
chosen so that the average value of the lattice con- 
stant of the layer stnjcture of the active region cor- 
responds to that of Si, and/or wherein the atomic 
fraction y of C in the Si^-yCy layers lies in the range 
from 0.02 to 0.12 and is in particular different from 20 
the atomic fractian x of the Si^.x^ layers which 
lies in Vne range from 0.3 to 1 .0. and/or wherein the 
tNd^ness of the Si^x^Ox layers lies in the range 
from about 0.5 to about 10 nm and the thidciess of 
the Si vyCy layers ties in the same range but may be 25 
different from the tfiictaiess of the Si^.xGOx layers. 

7. A semiconductor component in accordance with 
any one of the preceding claims, wherein the Si^ 
yCy Sii.xGex and/or Sii.x-yGexCy layers are sub- x 
stantially undoped. i.e. when dopants are present 
they are only present at levels corresponding to 
impurity concentrations that are sutistantlaliy una- 
voidable in practice. 

35 

8. A semiconductor component in accordance with 
any one of the preceding daims in the form of an 
optical detector, wherein the layer structure of tfie 
active region is deposited on a p-SI sut>strate. e.g. 

an Si substrate doped with boron at a doping con- 4o 
centralion of the order of magnitude of 1 0^° cm'^. to 
which a first oontad forming the negative pole is 
provided and is covered by a layer of n-Si. e.g.anSi 
layer doped with phosphorous or antimony at a 
doping concentration of the order of magnitude of 4S 
10^^ cm*^ to which a second contact forming the 
positive pde is provided, or wherein the layer struc- 
ture of the active region is deposited on an n-Si 
substrate. &g. an Si substrate doped with phospho- 
rous oc antimony at a doping concentration of the «o 
Older of magnitude off 10^^ cm"^. to which a first 
contact forming the positive pde is provided and is 
covered by a layer of p-Si. e.g. an Si layer doped 
with boron at a doping concentration of the Older of 
nvignitude of 10^^ cm-^ to which a second oontad ffs 
forming the negative pde is provided. 

9. A semioondudor component in aoooidance with 
any one of the preceding daims In the form of a 



Ight emitting diode, wherein the layer structure of 
the active region is deposited on an n-Si substrate, 
ag. an Si substrate doped with phosphorous or 
antimony at a doping concentration of the order of 
magnitude of lO"'^ cm'^. to which a first contact 
forming the negative pde is provided and is cov- 
ered by a layer of p-Si, ag. an Si layer doped with 
boron at a doping concentration of the order of 
magnitude of 10^^ cm"^ to which a second contact 
fcxming the positive pde is provided, or wfierein the 
layer structure d the active region is deposited on a 
p-Si substrate, e.g. an Si &ut)strate doped with 
boron at a doping concentration of the order of 
magnitude of 10**^ cm*^. to which a first contact 
fCM-ming the positive pole is provided and is covered 
t>y a layer of n-Si, e.g. an Si layer doped with phos- 
phorous or antimony at a doping corK»ntration of 
ttie Older d magnitude of 10^® cm*^ to which a sec- 
ond contact fonming the negative pde is provided. 

ia A semiconductor component in accordance with 
daim 2 variant c), d). e) or h) and optionally in 
accordance with any one of the daims 3 to 7and 
reaPized in the forni of an optical modulator, wherein 
the layer structure of the adive region is deposKed 
on a p-Si sut)Strate, e.g. an Si suk)Strate doped with 
boron at a doping concentration of about the order 
d magnitude d 10"*^ cm'^. to which a first contad 
forming the negative pde or the positive pde is pro- 
vided and is covered by a layer d n-Si. e.g. an Si 
layer doped with phosphorous or antinrKxiy at a 
doping concentration of the oider of magnitude of 
10^® cm"^, to which a second contad fonning the 
positive pde or tfie negative pde is provided, or 
wherein the layer structure d the active region is 
deposited on an n-Si substrate. e.g. an Si substrate 
doped wHh phosphorous or antimony at a doping 
concentration of about the order of magnitude of 
10^^ cm*^. to which a first oontad forming the posi- 
tive pde or the negative pde is provided and is cov- 
ered by a layer d p-Si. ag. an Si layer doped with 
boron at a doping concentration of the order of 
magnitude of 1 0^® cm*^. to which a second oontad 
forming the negative pde or the positive pde is pro- 
vided. 

11. A semiconductor component in accordance witii 
daim 2 variants a) to h) when reaTtzed as an optical 
wavesiuide. wherein the layer or layers forming 
said active regions fonn a waveguide. 

12. A semiconductor device in the form of a cNp based 
on asilioon substrate and having one or more sem- 
iconductor components In accordance with any one 
d tfie preceding daims formed tfiereon and 
sdeded from the group comprising an optical 
detector, a light entitting diode, an optical modulator 
and an optical waweguida and optionaHy wtterdn 
one or more signal processing or generating dr- 
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cuits are formed on the same chip and one or more 
optical fbers are attached to said chip. 

13. A semiconductor component or device in accord- 
ance with any one of the preceding claims, wtierein 5 
a preferably V-shaped blind channel is formed in 
said component or dence and has an end face 
transverse to an elongate direction of said channel 
and formed by a side feice of an active region of said 
component or device, said channel t>eing adapted io 
to receive one or more optical fber ends for cou- 
pling an optical fiber or f bers to said component or 
device. 

14. A semiconductor component in accordance with is 
any one of the preceding claims, wherein the 
atomic fraction x of Ge and/or y of C is and/or are 
varied within the respective layer thickness, i.e. is a 
graded index. 
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